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(57) ABSTRACT 

A semiconductor memory cell and production method pro 
vides a storage capacitor connected to a selection transistor. 
The storage capacitor is formed as a contact hole capacitor 
in at least one contact hole for a source or drain region. Such 
a semiconductor memory cell can be produced cost-effec 
tively and allows a high integration density. 
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SEMCONDUCTOR MEMORY CELL AND 
CORRESPONDING METHOD OF PRODUCING 

SAME 

PRIORITY CLAIM 

0001. The present application is a continuation of Inter 
national Application PCT/EP2004/053733, filed Dec. 30, 
2004, and claims the benefit of priority of German Patent 
Application No. DE 10 2004 004 584.4, filed Jan. 29, 2004. 

BACKGROUND 

0002) 1. Technical Field 
0003. The present invention relates to a semiconductor 
memory cell as well as to an associated production method 
and, in particular, to a semiconductor memory cell having a 
contact hole capacitor. 
0004 2. Background Information 
0005 Future semiconductor components will have a 
great demand for large, high-density memory Zones. The 
overall take-up of the available chip surface by such embed 
ded memory Zones is now already about 50% of the total 
chip Surface, and will increase further. High-density semi 
conductor memory cells are therefore necessary to keep the 
memory Zone as Small as possible and reduce the overall size 
of the semiconductor component, so that the production 
costs can also be reduced. For this reason, the semiconductor 
industry is following a trend away from conventional 6-tran 
sistor semiconductor memory cells to 1-transistor, 2-tran 
sistor and 3-transistor (1T, 2T, 3T) semiconductor memory 
cells, so that a high integration density, an improved yield 
and a lower so-called soft error sensitivity is obtained with 
reduced leakage currents. 
0006. In contrast to a 6-transistor semiconductor memory 
cell, however, 1-transistor, 2-transistor and 3-transistor 
semiconductor memory cells require a capacitance or 
capacitor for storing charges and a refresh of the stored 
charges at predetermined time intervals. Since the refresh 
rate of embedded 1T, 2T and 3T semiconductor memory 
cells can be much more than that of conventional dynamic 
random access memories (DRAMs), it is possible to use 
Small storage capacitors. 
0007 FIGS. 1 to 3 show simplified equivalent circuit 
diagrams respectively for a 1-transistor, 2-transistor and 
3-transistor semiconductor memory cell, BL denoting a bit 
line, WL denoting a word line and AT denoting a respective 
selection transistor, via which a storage capacitor C can be 
driven. 

0008 According to FIG. 2, inverted word lines WL/ and 
inverted bit lines BL/, which drive the storage capacitor C 
via a further selection transistor AT, are furthermore pro 
vided in the 2-transistor semiconductor memory cell. 
0009. According to FIG. 3, the storage capacitor C in the 
3-transistor semiconductor memory cell is on the one hand 
written to via a write bit line BLW and a write word line 
WLW and an associated selection transistor AT and read out 
via a read word line WLR and a read bit line BLR and two 
further associated selection transistors AT. To produce such 
1T, 2T, 3T semiconductor memory cells, for example, so 
called embedded DRAM semiconductor memory cells are 
used. 
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0010 FIG. 4 shows a simplified sectional view of such a 
1-transistor semiconductor memory cell with a deep trench 
capacitor. According to FIG. 4 there is a deep trench for 
producing a deep trench capacitor DTC in a semiconductor 
substrate 10, a capacitor dielectric (CD) being formed on the 
trench surface and an electrically conductive filler layer, 
which together with the semiconductor substrate 10 as the 
other capacitor electrode produces the deep trench capacitor 
DTC, is formed as a capacitor counter electrode CE1 on the 
surface of the capacitor dielectric. Field-effect transistors 
with a source region S and a drain region D for establishing 
a channel in the semiconductor Substrate 10 are convention 
ally used as selection transistors AT, a gate dielectric 60 
being formed on the Surface of the channel, and a control 
electrode or a gate G, which essentially produces a word line 
WL, being formed thereon. The source region S is connected 
for example via a source contact KS or a corresponding 
contact-via to a bit line BL which, for example, lies in a 
metallization plane. Similarly, the drain region D is con 
nected for example via a first metallization plane M1, a drain 
contact KD and a capacitor contact KC to the deep trench 
capacitor DTC, or its capacitor counter electrode CE1. 
0011 Semiconductor circuits for establishing active areas 
AA, in particular for insulating the Switching elements, for 
example the selection transistor AT, furthermore comprise 
so-called shallow trench isolations STI which, for example, 
have an insulating liner layer 20 and an insulation filler layer 
3O. 

0012 Although semiconductor memory cells with a very 
small space requirement can be produced with such DRAM 
semiconductor memory cells owing to the use of deep trench 
capacitors DTC, the costs are extraordinarily high in par 
ticular because of the production process for the deep trench 
capacitor DTC. Conventionally, 1T, 2T and 3T semiconduc 
tor memory cells are therefore currently produced with 
so-called MOS/MIM capacitors (MOS/MIM caps) which 
are substantially more cost-effective to produce. 
0013 FIG. 5 shows a simplified sectional view of a 
1-transistor semiconductor memory cell with such an MOS 
capacitor MOSC, the same reference numerals denoting 
identical or corresponding elements as in FIG. 1 and 
repeated description being omitted below. According to FIG. 
5, the storage capacitor is consequently produced by an 
MOS capacitor MOSC, the semiconductor substrate 10 or a 
doping region formed therein being used as a capacitor 
electrode CE2, on the surface of which a capacitor dielectric 
CD is formed with a capacitor counter-electrode CE1 being 
formed thereon for example as a polycrystalline semicon 
ductor layer. The capacitor counter electrode CE1 is in turn 
electrically connected via a capacitor contact KC and a drain 
contact KD and a preferably first metallization plane M1 to 
the drain region D of the selection transistor AT. Although 
this can Substantially reduce the costs, the area requirement 
for Such a semiconductor memory cell is greatly increased 
since the MOS or MIM capacitor MOSC is essentially 
formed on the surface of the semiconductor substrate 10 and 
its capacitance is therefore directly proportional to the area 
occupancy of the available component Surface. 

BRIEF SUMMARY 

0014) A semiconductor memory cell and an associated 
production method are provided which have reduced pro 
duction costs with an increased integration density. 
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0015. In particular by using a contact hole capacitor as 
the storage capacitor, which is formed in at least one contact 
hole for the Source or drain region of the selection transistor, 
the integration density of a semiconductor memory cell can 
be substantially increased since the capacitor is formed in a 
contact hole required in any case for the selection transistor. 
Furthermore, the production costs can moreover be reduced 
since method sub-steps for forming the required contact 
holes can simultaneously be used for forming the contact 
hole capacitor. 
0016 Preferably, the at least one contact hole for the 
contact hole capacitor is formed in an inter-dielectric formed 
on the semiconductor substrate while at least partially 
exposing the associated Source or drain region, a capacitor 
counter electrode being formed on the contact hole Surface, 
although it does not reach to the surface of the inter 
dielectric and is electrically conductively connected in its 
lower Zone to the source or drain region. A capacitor 
dielectric, which reaches to the surface of the inter-dielec 
tric, is furthermore formed on the surface of the capacitor 
counter electrode and of the upper region of the contact hole. 
Finally, an electrically conductive filler layer for producing 
a capacitor electrode inside the contact hole is formed on the 
Surface of the capacitor dielectric. A contact hole capacitor 
which has a minimal space requirement and a Sufficient 
charge capacity can thereby be provided by merely slight 
modifications. 

0017 Preferably, the at least one contact hole has a 
circularly round, oval or rectangular shape, any available 
mask elements of a standard process being usable. 
0018 To connect the contact hole capacitor, a capacitor 
connection line may furthermore be formed above the 
inter-dielectric. Since such connection lines conventionally 
lie in a metallization plane, the connection resistances can be 
kept minimal. 
0019. The capacitor connection line may furthermore 
comprise at least one auxiliary connection line section, 
which is formed essentially perpendicularly to the capacitor 
connection line above the inter-dielectric. In this way, a 
respective capacitance can be adjusted in a fine-grained and 
arbitrary fashion for an overall contact capacitor. 
0020. In particular, a multiplicity of contact hole capaci 
tors may be formed for a respective source or drain region 
of a selection transistor, the at least one auxiliary connection 
line section connecting the multiplicity of contact hole 
capacitors together in parallel. Such a capacitor may also 
retrospectively be modified or adjusted to a desired capaci 
tance, for example by laser beams. 
0021. A silicon oxide, silicon nitride and/or a so-called 
high-k material with a high relative dielectric constant is 
preferably used as the capacitor dielectric, so that the desired 
capacitances can be increased further. 
0022. In respect of the production method, a selection 
transistor with a source region and a drain region as well as 
a gate dielectric and a control electrode is formed first, and 
an inter-dielectric is deposited thereon. Contact holes to at 
least partially expose the source region and the drain region 
are subsequently formed in the inter-dielectric, a liner layer 
being formed as a capacitor counter electrode in at least one 
contact hole, although it does not reach to the Surface of the 
inter-dielectric. A further dielectric layer is subsequently 
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formed as a capacitor dielectric on the surface of the 
capacitor counter electrode, as far as the Surface of the 
inter-dielectric, and an electrically conductive filler layer is 
formed thereon as a capacitor electrode inside the at least 
one contact hole for the contact hole capacitor. To connect 
the capacitor electrode, a capacitor connection line is Sub 
sequently formed above the inter-dielectric and the filler 
layer. Because several method steps can be used both for 
forming conventional contact holes and for forming contact 
hole capacitors in this production method, the production 
costs are greatly reduced. 
0023. In particular, by simultaneously using the conven 
tionally provided electrically conductive liner layer both in 
the contact hole for the contact hole capacitor and in the 
contact hole for the remaining Source or drain region, the 
method steps or layers provided in conventional contact hole 
methods can advantageously be used for forming a capacitor 
counter electrode of the contact hole capacitor. 
0024. Furthermore, the capacitor connection line as well 
as the associated auxiliary connection line sections can be 
produced simultaneously with the electrically conductive 
filler layer to produce the capacitor electrode, so that the 
production costs are further reduced. 
0025. Other systems, methods, features and advantages 
of the invention will be, or will become, apparent to one with 
skill in the art upon examination of the following figures and 
detailed description. It is intended that all such additional 
systems, methods, features and advantages be included 
within this description, be within the scope of the invention, 
and be protected by the following claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The invention can be better understood with refer 
ence to the following drawings and description. The com 
ponents in the figures are not necessarily to scale, emphasis 
instead being placed upon illustrating the principles of the 
invention. Moreover, in the figures, like referenced numerals 
designate corresponding parts throughout the different 
W1WS. 

0027 FIGS. 1-3 show simplified equivalent circuit dia 
grams of a 1T, 2T and 3T semiconductor memory cell 
according to the prior art. 

0028 FIG. 4 shows a simplified sectional view of a 1T 
semiconductor memory cell with a deep trench capacitor 
according to the prior art. 

0029 FIG. 5 shows a simplified sectional view of a 1T 
semiconductor memory cell with an MOS capacitor accord 
ing to the prior art. 

0030 FIGS. 6A-6C show simplified sectional views to 
illustrate a method that produces a 1T semiconductor 
memory cell. 

0031 FIGS. 7A-7C show simplified sectional views to 
illustrate a method that produces a 1T semiconductor 
memory cell. 

0032 FIG. 8 shows a simplified sectional view to illus 
trate a 1T Semiconductor memory cell. 
0033 FIG. 9 shows a simplified plan view of 1T semi 
conductor memory cells according to FIG. 8. 
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0034 FIG. 10 shows a simplified plan view of 1T semi 
conductor memory cells. 
0035 FIG. 11 shows a simplified representation to illus 
trate an overall capacitance as a function of a capacitor 
dielectric used and a number of contact hole capacitors 
connected in parallel. 

DETAILED DESCRIPTION 

0036 FIGS. 6A to 6C show simplified sectional views to 
illustrate essential method steps in the production of a 1T 
semiconductor memory cell according to a first exemplary 
embodiment, the same reference numerals denoting identi 
cal or corresponding elements as in FIGS. 1 to 5 and 
repeated description being omitted below. 
0037 According to FIG. 6A, a semiconductor substrate 1 

is prepared first, a Si semiconductor substrate preferably 
being used. Shallow trench isolations STI for establishing 
active areas AA in the semiconductor Substrate 1 may be 
formed and/or corresponding trench dopings may be pro 
vided (not shown). 
0038 A selection transistor AT that selects the semicon 
ductor memory cell is Subsequently formed in the semicon 
ductor Substrate 1. For example, a gate insulation layer 2 
may be formed surface-wide on the surface of the semicon 
ductor substrate 1 and a control electrode layer 3 may be 
formed Surface-wide thereon. So-called gate stacks compris 
ing the gate insulation layer 2 and the control electrode layer 
3 are subsequently structured, for example by photolitho 
graphic methods, Source regions S and drain regions D 
finally being formed in a self-aligning fashion in the semi 
conductor Substrate 1 on the sides of the gate stack, for 
example by ion implantation. Optionally, the control elec 
trode layer 3 or the structured control electrode G may be 
salicided to increase the conductivity, where a highly con 
ductive metal-semiconductor composite is formed by using 
a deposited metal layer. The control electrode layer 3 
preferably consists of polycrystalline semiconductor mate 
rial and, in particular, polysilicon. 
0039. An inter-dielectric is subsequently formed on the 
Surface of the semiconductor Substrate 2 or of the gate stack 
2 and G, borophosphosilicate glass (BPSG) preferably being 
applied surface-wide. The thickness of this layer already 
partly determines a capacitance of the future contact hole 
capacitor, although it has a predetermined standard thickness 
in the respective method. 
0040 According to FIG. 6B, the contact holes in the 
inter-dielectric 4 are now formed for the source region S and 
the drain region D, the source region S and the drain region 
D at least partially exposed or the semiconductor Substrate 
1 opened at this position. In respect of the contact holes, 
distinction is Subsequently made between a contact hole for 
the contact hole capacitor KK, which is formed for example 
on the drain region D in the represented exemplary embodi 
ment, and a further contact hole which is formed on the 
remaining source region S. The contact hole capacitor may 
also be formed in the contact hole for the source region S and 
the normal contact hole may be formed in the area of the 
drain region D. 
0041. These contact holes are preferably formed simul 
taneously by using conventional processes, in particular 
anisotropic etching methods and preferably a so-called RIE 
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(reactive ion etch) method. Although the contact holes for 
the contact hole capacitor and for the remaining Source 
region S are consequently formed simultaneously, it is also 
possible to make these recesses or indentations in different 
method steps from one another, for example Successively. 

0.042 FIG.9 shows a simplified plan view to illustrate 1T 
semiconductor memory cells, the same reference numerals 
denoting identical or corresponding elements as in FIGS. 1 
to 6 and repeated description being omitted below. 

0043. According to FIG.9, contact holes of different size 
are preferably formed for the contact hole capacitor KK and 
for the remaining source region S in the inter-dielectric 4. 
both an increased capacitor capacitance for the contact hole 
capacitor and an almost equal contact resistance for the 
Source region S and the drain region D in particular being 
obtained. Moreover, the filling of the contact hole with a 
capacitor counter electrode CE1, a capacitor dielectric CD 
and a capacitor electrode CE2 to produce the desired contact 
hole capacitor KK are thereby greatly simplified in particu 
lar. 

0044) Returning again to FIG. 6B, an electrically con 
ductive liner layer 5 is Subsequently formed as a capacitor 
counter-electrode CE1 at least in the contact hole for the 
contact hole capacitor KK or the drain region D. on its 
contact hole surface, i.e. on the surface of the inter-dielectric 
4 and on the exposed Surface of the semiconductor Substrate 
1 in the area of the drain region D. For insulation reasons, 
the liner layer 5 should not extend to the horizontal surface 
of the inter-dielectric 4 in the upper Zone of the contact hole. 
0045. The liner layer 5 is preferably also formed simul 
taneously in the contact hole for the remaining Source region 
S on its contact hole surface or on the exposed surface of the 
semiconductor Substrate 1, since Such a liner layer is con 
ventionally provided as a standard in a production method 
for producing contact-vias or contact elements. The liner 
layer 5 is consequently formed surface-wide on a wafer 
Surface, and preferably anisotropic back-etching is carried 
out to produce a desired spacing in the upper Zone of the 
contact hole from the horizontal surface of the inter-dielec 
tric 4. 

0046 For example, an approximately 10 nm thick tita 
nium nitride (TiN) layer is deposited conformally, i.e. with 
constant layer thickness, and etched back by an RIE etching 
method, to obtain the aforementioned back-etching in the 
upper Zone of the contact hole. 
0047. It may be possible to carry out an isotropic back 
etching of the liner layer 5 in the lower or bottom Zone of the 
contact hole, although this is not damaging even if the 
semiconductor Substrate 1 or the Source and drain regions S 
and D are intended to be exposed. The capacitor counter 
electrode CE1 for the contact hole capacitor is consequently 
formed by this electrically conductive liner layer 5, while it 
is formed in the conventional contact hole for the remaining 
Source region S essentially to improve the deposition pro 
cess and to improve conductivity. 

0048 Subsequently, according to FIG. 6B, the contact 
hole for the remaining source region S is masked or filled 
with a first mask layer or first (non-critical) mask MX1, and 
a further dielectric layer 7 is deposited preferably surface 
wide. For example, oxide and/or nitride layers with a 
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thickness of from 3 to 15 nm and preferably so-called high-k 
dielectrics with a high relative dielectric constant are used as 
the dielectric layer 7. 
0049 According to FIG. 6C, for example, planarization 

is Subsequently carried out as far as the Surface of the 
inter-dielectric 4, and the first mask MX1 is removed or 
stripped from the contact hole for the remaining Source 
region S. A capacitor dielectric CD which reaches to the 
horizontal surface of the inter-dielectric 4, and thus also 
reliably insulates the liner layer 5 or the capacitor counter 
electrode CE1 in the upper Zone of the contact hole, is 
thereby obtained in the area of the contact hole for the 
contact hole capacitor or the drain region D. 
0050. According to FIG. 6C, an electrically conductive 

filler layer 8 may subsequently be deposited on the surface 
of the inter-dielectric 4 and in the contact holes, so that the 
contact holes are substantially completely filled. Preferably, 
a tungsten layer conventionally used in contact hole methods 
is deposited surface-wide as the filler layer 8. 
0051 Photolithographic structuring of the electrically 
conductive filler layer 8 is subsequently carried out, so that 
it is possible to form a bit line BL connected to the source 
region S and a capacitor electrode CE2 inside the contact 
hole with an associated capacitor connection line VSS in one 
production step. 
0.052 Instead of structuring, however, it is in principle 
also possible to carry out further planarization as far as the 
inter-dielectric 4, the bit line BL and the capacitor connec 
tion line for connecting the capacitor electrode CE2 being 
formed in the conventional way in a Subsequent metalliza 
tion step. 
0053 FIGS. 7A to 7C show further simplified sectional 
views to illustrate a process for the production of a 1-tran 
sistor semiconductor memory cell according to a second 
exemplary embodiment, the same reference numerals denot 
ing identical or corresponding elements as in FIGS. 1 to 6 
and repeated description being omitted below. 

0054 FIG. 7A shows a sectional view applicable, for 
example, after the preparatory step according to FIG. 6A as 
an alternative to the first exemplary embodiment. 
0.055 According to this second exemplary embodiment, 
as in the first exemplary embodiment, the contact holes and 
the liner layer 5 are formed first. The contact hole for the 
future contact hole capacitor is Subsequently covered or 
filled with a first (noncritical) mask MX10, and the contact 
hole for the remaining Source region S is Subsequently filled 
with a second electrically conductive filler layer 6 (e.g., W) 
to complete the contact element for the source region S. The 
second conductive filler layer may again be deposited Sur 
face-wide, for example, with planarization Subsequently 
being carried out. After the planarization, the parts of the 
first mask MX10 remaining in the contact hole for the 
contact hole capacitor are also removed or stripped, and a 
second mask layer MX20 is formed on the surface of the 
inter-dielectric 4 so that only a Zone of the contact hole for 
the contact hole capacitor or for the drain region D remains 
exposed. This is again Subsequently followed by Surface 
wide deposition of the dielectric layer 7 which finally forms 
the capacitor dielectric CD and of a first conductive filler 
layer 8, for example W. Such a sectional view is represented 
in FIG. 7B. 
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0056. According to FIG. 7C, planarization may again 
optionally be carried out as far as the inter-dielectric 4, a bit 
line BL and a capacitor connection line VSS subsequently 
being formed on the surface of the first conductive filler 
layer 8 or of the capacitor electrode and of the second 
conductive filler layer 6. 
0057 Preferably, however, the capacitor connection line 
VSS is formed integrally with the first electrically conduc 
tive filler layer 8 to produce the capacitor electrode CE2 in 
the contact hole for the contact hole capacitor, the bit line BL 
being formed in a subsequent method step. The bit line BL 
may furthermore be formed simultaneously with the capaci 
tor connection line VSS and the capacitor electrode CE2 or 
the filler layer for the contact hole, in which case, for 
example, a recess for the bit line BL must also be formed at 
a corresponding position in the second mask layer MX20 
comparably as with a Damascene method. 
0058 FIG. 8 shows a simplified sectional view to illus 
trate a 1-transistor semiconductor memory cell according to 
a third exemplary embodiment, the same reference numerals 
denoting identical or corresponding elements as in FIGS. 1 
to 7 and repeated description being omitted below. 
0059. According to FIG. 8, the inter-dielectric 4 may also 
comprise a multi-layer sequence, a layer sequence with a 
SiN layer 4A and a BPSG layer 4B being used in particular. 
The SiN layer 4A is used in this case as a passivation layer 
and lies directly on the surface of the semiconductor sub 
strate 1 and of the structured gate stack consisting of the gate 
dielectric 2 and the control electrode G. Materials known 
from conventional contact production methods are again 
used for the liner layer 5 or the capacitor counter electrode 
CE1, an approximately 10 nm thick TiN layer being used in 
particular. 
0060 Silicon oxide, silicon nitride or so-called high-k 
dielectrics with a high relative dielectric constant are pref 
erably used for the capacitor dielectric CD newly introduced 
into the production process, or the further dielectric layer 7. 
The thickness of this dielectric layer 7 is from 3 to 15 nm, 
so that a capacitance can be adjusted. 
0061 The tungsten plugs known from conventional con 
tact methods, which allow optimal filling of the often very 
deep contact holes, are preferably used as filler layers 6 and 
8 for the contact holes. If they are not produced integrally 
with the filler layers, preferably Al layers are structured in a 
first metallization plane for the bit line BL as well as the 
capacitor connection line VSS. Similarly, moreover, it is also 
correspondingly possible to form Cu layers or other highly 
conductive metal layers, for example by Damascene meth 
ods, in a first or higher metallization plane. 
0062 FIG. 9 shows a simplified plan view of 1T semi 
conductor memory cells according to the first to third 
exemplary embodiments, the same reference numerals 
denoting identical or corresponding elements as in FIGS. 1 
to 8 and repeated description being omitted below. 
0063. According to FIG.9, the contact holes have an oval 
shape in respect of their plan view. They are not restricted 
thereto, however, and may similarly have circularly round, 
rectangular or other shapes. In particular, a square or trap 
eZoidal shape is conceivable here. 
0064 FIG. 10 shows a further simplified plan view to 
illustrate 1-transistor semiconductor memory cells accord 
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ing to a fourth to sixth exemplary embodiment, the same 
reference numerals denoting identical or corresponding ele 
ments as in FIGS. 1 to 9 and repeated description being 
omitted below. 

0065 According to FIG. 10, in particular, the contact 
hole for freely selected adjustment of a capacitor capaci 
tance may be greatly enlarged, the drain region D in the 
semiconductor Substrate 1 greatly enlarging this doping 
region D by an auxiliary drain region HD, which is arranged 
for example perpendicularly to a word line WL. Similarly, 
an auxiliary connection line section HVSS, which allows 
sufficient contacting of the filler layer or filler layers 8 in the 
contact hole or holes, may be formed above the inter 
dielectric 4. Increased capacitor capacitances are obtained 
due to the enlarged electrode Zones. In this way, for example, 
refresh cycles can be substantially extended. 
0.066 FIG. 10 furthermore represents a 1-transistor semi 
conductor memory cell with two or even three contact hole 
capacitors KK1, KK2 and KK3, which again lie on an 
enlarged auxiliary drain region HD and are again connected 
in parallel with one another to an auxiliary connection line 
section HVSS above the inter-dielectric 4. 

0067. Due to the perpendicularly formed auxiliary con 
nection line section HVSS essentially perpendicularly to the 
capacitor connection line VSS or to the word line WL and 
the bit line BL, the three contact hole capacitors KK1 to 
KK3 can be connected with their respective capacitances in 
parallel, so that the overall capacitance for the associated 
1-transistor semiconductor memory cell is correspondingly 
increased. Such a modular semiconductor memory cell, in 
which the contact hole capacitors can be modularly 
sequenced in predetermined capacitance sizes, furthermore 
has the advantage that a Subsequent capacitance can also be 
modified retrospectively, for example by laser trimming. To 
this end, it is merely necessary to remove the unneeded 
contact hole capacitors by separating or melting through the 
auxiliary connection line sections. 
0068. In principle, however, differently sized or shaped 
contact hole capacitors may also be interconnected in the 
manner presented, so that modular and fine-grained adapta 
tion of a capacitance value to respective circuit requirements 
can be carried out. 

0069 FIG. 11 shows a simplified graphical representation 
to illustrate a dependence between an overall capacitance for 
a contact hole capacitor as a function of the capacitor 
dielectric used and the number of Sub-capacitors connected 
in parallel as represented in FIG. 10. 
0070 Accordingly, very high capacitance values are 
obtained even for an enlarged contact hole capacitor with an 
approximately 5 nm thick nitride layer as the capacitor 
dielectric. The dependency of an overall capacitance on the 
number of capacitors connected in parallel could further 
more be confirmed. 

0071. The disclosure has been explained above with 
reference to a 1-transistor semiconductor memory cell which 
is formed in a silicon semiconductor Substrate. It is not 
restricted thereto, however, and similarly covers the 2-tran 
sistor and 3-transistor semiconductor memory cells repre 
sented in FIGS. 2 and 3, as well as alternative semiconductor 
materials. Furthermore, the contact hole capacitor may also 
be formed in the contact hole for the source region S. 
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Although the contact holes essentially have an oval shape, 
alternative contact hole shapes may be used similarly. 
Instead of the materials used in particular for the contact 
hole capacitor, it is furthermore possible to use alternative 
materials which permit a sufficiently high capacitor capaci 
tance. 

0072. It is therefore intended that the foregoing detailed 
description be regarded as illustrative rather than limiting, 
and that it be understood that it is the following claims, 
including all equivalents, that are intended to define the 
spirit and scope of this invention. 

1. A semiconductor memory cell comprising: 
a storage capacitor that stores electrical charges; and 
at least one selection transistor connected to the storage 

capacitor that selects the semiconductor memory cell, 
the selection transistor including a source region and a 
drain region that establishes a channel in a semicon 
ductor Substrate, a gate dielectric formed on a surface 
of the channel and a control electrode being formed 
thereon, wherein the storage capacitor is designed as a 
contact hole capacitor in at least one contact hole for a 
Source or drain region belonging to the selection tran 
sistor and connected to the contact hole capacitor. 

2. The semiconductor memory cell of claim 1, wherein the 
at least one contact hole is formed in an inter-dielectric on 
the semiconductor Substrate and at least partially exposes the 
Source or drain region, the semiconductor memory cell 
further comprising: 

a capacitor counter-electrode for the contact hole capaci 
tor, which is electrically conductively connected to the 
Source or drain region and does not reach to a surface 
of the inter-dielectric, formed on the surface of the 
contact hole; 

a capacitor dielectric that reaches to the surface of the 
inter-dielectric and is formed on a surface of the 
capacitor counter-electrode and in the upper region of 
the contact hole Surface; and 

an electrically conductive filler layer that produces a 
capacitor electrode formed on the Surface of the capaci 
tor dielectric. 

3. The semiconductor memory cell of claim 1 wherein the 
at least one contact hole has a circularly round, oval or 
rectangular shape in respect of a plan view. 

4. The semiconductor memory cell of claim 1 wherein the 
contact hole capacitor is connected to a capacitor connection 
line which is arranged above the inter-dielectric. 

5. The semiconductor memory cell of claim 4 wherein the 
capacitor connection line comprises an auxiliary connection 
line section which is formed above the inter-dielectric Sub 
stantially perpendicularly to the capacitor connection line. 

6. The semiconductor memory cell of claim 5 further 
comprising a plurality of contact hole capacitors formed for 
a respective source region or a drain region of a selection 
transistor, and wherein the at least one auxiliary connection 
line section connects the plurality of contact hole capacitors 
together in parallel. 

7. The semiconductor memory cell of claim 2 wherein the 
capacitor dielectric comprises at least one of an oxide, a 
nitride, and a high-k material. 

8. The semiconductor memory cell claim 2 wherein the 
capacitor counter-electrode is formed as a liner layer on a 
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Surface of at least one further contact hole for a remaining 
source or drain region and the electrically conductive filler 
layer fills up the at least one further contact hole. 

9. The semiconductor memory cell claim 1 wherein the 
semiconductor memory cell comprises at least one of a 
1-transistor, a 2-transistor, and a 3-transistor memory cell. 

10. A method that produces a semiconductor memory cell 
having a contact hole capacitor and at least one selection 
transistor connected thereto, the method comprising: 

preparing a semiconductor Substrate; 
forming the at least one selection transistor with a source 

region and a drain region to establish a channel in the 
semiconductor Substrate, a gate stack having a gate 
dielectric and a control electrode formed on a surface of 
the channel; 

forming an inter-dielectric on a surface of the semicon 
ductor Substrate and of the gate stack; 

forming contact holes for the contact hole capacitor and a 
remaining Source or drain region in the inter-dielectric 
to at least partially expose the Source region and the 
drain region of the selection transistor, 

forming a liner layer as a capacitor counter electrode on 
the surface of the semiconductor substrate and of the at 
least one contact hole for the contact hole capacitor, the 
liner layer not reaching to the surface of the inter 
dielectric; 

forming a further dielectric layer, which extends to the 
Surface of the inter-dielectric, as a capacitor dielectric 
on the Surface of the capacitor counter-electrode: 

forming an electrically conductive filler layer as a capaci 
tor electrode on a surface of the capacitor dielectric 
inside the at least one contact hole for the contact hole 
capacitor, and 

forming a capacitor connection line on the Surface of the 
inter-dielectric and of the filler layer to connect the 
capacitor electrode. 

11. The method of claim 10 wherein preparing the semi 
conductor Substrate comprises forming isolation trenches 
that establish active areas in the semiconductor Substrate. 

12. The method of claim 10 whereinforming the selection 
transistor comprises: 

forming a gate insulation layer on the Surface of the 
semiconductor Substrate; and 

forming a control electrode layer Surface-wide on a Sur 
face of the gate insulation layer and structured to 
produce gate stacks, the source and drain regions of the 
Selection transistor formed in a self-aligning fashion by 
ion implantation. 

13. The method of claim 10 wherein forming the inter 
dielectric comprises forming a multilayer sequence having 
an SiN layer and a BPSG layer. 

14. The method of claim 10 wherein forming contact 
holes comprises simultaneously forming contact holes for 
the contact hole capacitor and for a remaining source or 
drain region. 

15. The method of claim 10 wherein forming contact 
holes comprises forming a plurality of contact holes for the 
contact hole capacitor. 
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16. The method of claim 10 whereinforming the contact 
holes comprises forming circular, oval, or rectangular 
shaped holes in respect of plan view. 

17. The method of claim 10 wherein forming the liner 
layer comprises simultaneously forming the liner layer in the 
contact hole for a remaining Source or drain region. 

18. The method of claim 10 wherein forming the liner 
layer comprises forming the liner layer Surface-wide and 
Subsequently etching back the liner layer to expose an upper 
contact hole Zone. 

19. The method of claim 10 wherein forming the liner 
layer comprises depositing an approximately 10 nm thick 
TiN layer. 

20. The method of claim 10 wherein forming a further 
dielectric comprises: 

filling the contact hole for a remaining source or a 
remaining drain region with a first mask: 

depositing the further dielectric layer surface-wide; 

Subsequently planarizing the further dielectric layer to a 
surface of the inter-dielectric; and 

removing the first mask from the contact hole for a 
remaining source or a remaining drain region. 

21. The method of claim 10 wherein forming the further 
dielectric comprises: 

filling at least one contact hole for the contact hole 
capacitor with a first mask: 

filling the contact hole for the remaining Source or drain 
region with a second electrically conductive filler layer; 

removing the first mask: 

forming a second mask that exposes only the at least one 
contact hole for the contact hole capacitor; and 

depositing the further dielectric layer surface-wide. 
22. The method of claim 21 wherein forming the electri 

cally conductive filler layer comprises: 

depositing the electrically conductive filler layer surface 
wide; and 

planarizing the filler layer to the surface of the inter 
dielectric. 

23. The method of claim 10 comprising: 
simultaneously forming the electrically conductive filler 

layer and forming the capacitor connection line; and 

depositing the electrically conductive filler layer surface 
wide, wherein the electrically conductive filler layer is 
Subsequently structured to form the capacitor connec 
tion line. 

24. The method of claim 15 whereinforming the capacitor 
connection line comprises forming an auxiliary connection 
line section for the plurality of contact holes. 

25. The method of claim 10 whereinforming the capacitor 
connection line comprises simultaneously forming a bit line 
for a remaining source or a remaining drain region. 


